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SUMMARY 

An  experiment  was  performed  in  which  various  physiological  measures  of  energy 
expendture  were  taken  with  subjects  walking  for  periods  of  10  minutes  (either 
freely  or  on  a  treadmill)  on  a  moving  platform  (Ship  Motion  Simulator). 
Platform  motion  was  either  in  a  heave,  pitch  or  roll  mode,  or  it  was  stationary. 
The  results  show  that  during  pitch  and  roll  movements  of  the  platform  energy 
expenditure  is  larger  than  during  heave  motions  and  when  the  platform 
remained  stationary.  Pitch  and  roll  did  not  differ  from  each  other,  and  neither 
did  heave  and  statioiuuy  conditions.  The  results  are  interpreted  as  indicating  that 
the  muscular  effort  needed  for  the  maintenance  of  balance  when  walking  on  a 
pitching  or  rolling  platform  requires  a  significant  increase  in  energy  expenditure. 
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Instituut  voor  Zintuigfysiologie  TNO 

Soesterberg 


Het  eflect  van  platformbewegingeQ  op  bet  menselUk  eoergieverbniik  tydens 
lopen.  Een  eerste  experimentele  studie 

A.H.  Wertheim,  R.  Heus,  T.G.M.  Vrijkotte  en  J.T.  Marcus 
SAMENVATTING 

Een  experiment  werd  uitgevoerd  waarbij  met  behulp  van  diverse  fysiologische 
maten  het  energieverbruik  werd  gemeten  van  proefpersonen  die  gedurende  10 
minuten  liepen  (vrij  of  op  een  tredmolen)  op  een  bevvegend  platform  (Scheeps- 
bewegingssimulator).  De  bewegingen  van  het  platform  waren  in  de  heave,  pitch 
of  roll  mode  en  in  6en  conditie  bleef  het  platform  bewegingloos.  De  resultaten 
lieten  zien  dat  tijdens  pitch  en  roll  besvegingen  het  energieverbruik  groter  is  dan 
tijdens  heave  condities  en  wanneer  het  platform  stil  staat.  Er  waren  geen 
verschillen  tussen  pitch  en  roll  condities  en  de  heave  conditie  verschilde  niet  van 
stilstand.  De  resultaten  worden  geinterpreteerd  als  indicatief  voor  een  significan- 
te  toename  in  spierarbeid  die  moet  worden  verricht  bij  het  handhaven  van  het 
houdingsevenwicht  tijdens  lopen  op  een  in  roll  of  pitch  richting  bewegend 
oppervlak. 


1  INTRODUCTION 


The  question  to  >vhat  extent  ship  operational  performance  at  sea  is  affected  by 
possible  decrements  in  performance  of  its  crew  due  to  the  movements  of  the 
ship,  has  only  in  the  recent  years  become  an  issue  of  research.  Some  attempts 
have  been  made  to  investigate  {}erfonnance  decrements  which  might  indicate 
increased  workload  in  relation  to  sea-sickness  (Bles  et  al.,  1988,  1991),  and  a 
measure  has  been  developed  to  operationalize  performance  decrements  in  terms 
of  so  called  Motion  Induced  Interruptions,  or  MITs  (e.g.  Graham,  1990). 
However,  to  our  knowledge  no  attempts  have  been  made  to  investigate  the 
possibility  that  physiological  energy  consumption  is  affected  by  the  extra  effort 
required  for  normal  performance  during  ship  motion.  The  present  study  was 
designed  as  a  first  step  in  this  directiorL 

The  TNO  Institute  for  Human  Factors  IZF  has  a  long  research  tradition  of 
measuring  physiological  energy  consumption  during  human  performance. 
Recently,  the  institute  also  acquired  a  ship  motion  simulator  (SMS)  that  consists 
of  a  large  experimental  cabin  which  can  move  in  pitch,  roll  and  heave.  Thus  it 
became  possible  to  investigate  whether — and  to  what  extent — particular  move¬ 
ments  of  the  SMS  might  affect  physiological  energy  consumption  during  a  simple 
task,  such  as  walking. 

The  physiological  indices  of  energy  consumption  chosen  for  this  study  were 
various  ventilatory  parameters  (oxygen  consumption,  carbon  dioxide  production, 
minute  ventilation  and  metal  olisra)  and  heart  rate.  These  are  all  well  known 
indices  of  energy  consumptioa  (Astrand,  1986).  Subjects  were  required  to  simply 
walk  to  and  fro  alongside  the  length  of  the  cabin  floor,  or  to  walk  on  a  treadmill. 
The  question  investigated  was  whether  heave,  roll  and  pitch  movements  of  the 
SMS  would  enhance  the  energy  consumption  of  the  subjects  as  compared  to  a 
condition  in  which  the  SMS  remained  motionless.  Since  this  was  only  a  first 
exploratory  experiment  it  was  decided  not  to  make  the  SMS  movements  too 
complicated.  Hence  we  used  only  three  SMS  motion  conditions  (heave,  roll, 
pitch)  and  one  control  condition  in  which  the  SMS  remained  stationary.  Combi- 
natiotfi  of  pitch,  roll  artd/or  heave  were  not  induded. 


2  METHOD 

The  Ship  MothM  Stmidetor  (SMS) 

The  SMS  orxttitts  of  a  Uigft  cahhi  (length  4.0  na,  widfli  2.4  m  md  he^  2A  n^ 
ptM»i  ott  «  hgdnmUe  wiiidi  eaabiet  nfl  wd  brnwe  wammm  of 
die  adMde  cabin  (tcpenuefy  mr  in  tap  coinMnalimi).  The  distance  from  caMa 
fUtor  to  die  rotatkm  axes  of  and  rtdl  is  U  m  (wfakfa  means  that  itril  and 
pkbA  tamtuBm  ghpi  tiM  d)  tmodddonn}  mowMBcats  as  watt).  The  mmdimnn 


amplitudes  of  motion  are  approximately  O^m  in  heave,  20°  in  pitch,  and  15°  in 
roll.  The  frequency  range  of  pitch,  roll  and  heave  motions  is  restricted  and 
depends  on  the  particular  combination  of  motions  programmed.  Since  the  cabin 
is  not  placed  symmetrically  on  the  central  carrying  piston  of  the  hydraulic  system, 
its  frontal  side  is  able  to  cover  a  larger  vertical  distance  during  pitch  motion  than 
its  rear  side. 

All  SMS  motions  were  sinusoidal  (see  Table  I),  and  their  profiles  were  gener¬ 
ated  and  controlled  by  computer,  with  closed-loop  feedback  of  cabin  displace¬ 
ment 


Table  1  Motion  stimulus  conditions  applied  in  the  experiment 
Motion  was  alwt^  sinusoidal  with  a  frequency  of  0.125  ^  Note  the 
parasitical  heave  component  in  the  pitch  and  roll  conditions,  and  the 
parasitical  translation  force  in  the  roll  condition,  g  =  9.81  m/s^. 


-1 

Condition 

Amplitude 

Parnsit.  heave 

PaiasiL  tiansiation 

Heava 

±  0.31m  {*  0.02g) 

0 

0 

Pilch 

±  5“ 

1  O.OISg 

0 

Rod 

±  SO 

a  0.003g 

±  0.02g 

Stationary 

0 

0 

0 

The  paraatkal  hewe  components  in  the  pitch  and  roll  conditions  are  induced  by 
file  vertical  acceleration  component  of  file  cabin  motic’\  The  values  for  parasiti¬ 
cal  heave  in  the  above  table  are  the  peak  values  to  which  subjects  are  exposed 
when  they  are  maximally  displaced  the  centre  of  rotation.  As  mentioned 
above,  in  the  pitch  condition  this  m^  occur  when  the  subject  is  walking  on  the 
floor  of  the  cabin,  i.e.  when  he  or  she  happens  to  arrive  at  the  frontal  side  of  the 
cabin  at  the  moment  of  peak  vertical  parasitical  heave  of  this  side. 

The  pantatiatl  matdation  component  in  roll  is  induced  by  the  lateral  acceler¬ 
ation  component  of  cabin  motion.  This  ocHnponent  is  relafively  large,  because  of 
the  laife  distance  between  the  roll  axis  and  the  cabin  floor  (see  abowe).  Its  fwiUt 
value  as  pven  in  the  table  applies  to  the  sobjecfii  head  (assumni  to  be  at  1.8  m 
above  the  cabin  floor),  assuming  that  be  or  she  stays  vertical  relative  to  the 
cabin  floor.  Durix^  pottunU  coriectioaa-4.e.  v^ien  file  subject  attempts  to  align 
his  or  her  bocjy  axb  with  the  true  verticai  (the  earthb  gravity>-~tlie  translattonal 
force  may  becmne  less  (the  miifimal  parasitical  translation  is  then  (kOlg).  In  the 
rollcoadithm  the  sohjMit  Is  eniosed  ctmrinooushf  to  fills  parasitical  force. 
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22  Walking  conditions 

The  subjects  were  instructed  to  walk  in  the  cabin  in  two  different  conditions:  On 
a  treadmill,  and  on  the  cabin  floor  along  the  length  axis  of  the  cabin.  The 
treadmill  was  located  such  that  the  subject  walking  on  it  was  positioned  approxi¬ 
mately  0.5m  aside  the  centre  of  rotation  of  the  cabin.  On  the  treadmill,  walking 
speed  was  set  at  lm/$.  In  conditions  where  subjects  had  to  walk  on  the  floor, 
they  had  to  turn  around  each  time  they  reached  the  frontal  or  backside  wall  of 
the  cabin.  The  approximate  turning  point  was  marked  on  the  floor  at  0.5  meter 
distance  from  the  cabin  walls.  The  single  path  length  on  the  floor  was  thus  3m. 
In  order  to  keep  a  stable  walking  speed,  approximately  equal  to  that  on  the 
treadmill,  a  brief  sound  beep  was  generated  every  6s.  Subjects  were  required  to 
synchronize  their  walking  to  this  beep,  covering  the  length  of  the  cabin  twice 
(once  in  each  direction)  in  exactly  one  beep  interval. 


23  Physiological  measurements 

The  ventilatory  parameters  of  oxygen  consumption  (Vo>),  carbon  dioxide 
production  (Vco,)  and  minute  ventilation  (Ve)  were  measured  with  an  Oxycon  E 
(Mijnhardt  BV)  in  the  mixing  chamber  mode.  The  subjects  were  conneaed  to 
the  Oxycon  with  a  flexible  tube  (for  support,  the  tube  was  belted  to  the  subjects 
waist)  attached  airtight  to  a  full  face  mask  with  low  breathing  resistance.  The 
Oxycon  apparatus  itself  was  placed  inside  the  SMS  cabin  and  was  connected  with 
its  control  panel  and  computer  in  the  control  room  of  the  SMS. 

Because  flexible  tube  was  quite  long,  measurements  of  the  ventilatory  parame¬ 
ters  only  started  after  an  initial  period  of  appiooumately  S  minutes,  during  which 
the  level  of  the  parameters  was  monitored,  until  it  reached  a  steady  state.  The 
actual  experimental  measurement  period  lasted  appraximately  10  minutes. 


The  ventilatory  parameters  were  obtained  separately,  and  also  served  to  calcu 
late  RQ  values  commonly  used  in  the  following  index  of  metabolism  (ISO  89%): 


MetaboHum  (Watts)  = 


(0.23  •RQ ♦0.77)  •  21.14  • 
60 


udiere  RQ  •  lesjriratmy  quotient  (»Vcx>i/VoO 

Heart  rata  was  legisteied  with  a  wireless  Sfrorttester  PE4000  (R[>Iar  Electro  OY) 
an  elactioda  belt  around  the  diest  the  subjects. 
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2.4  Procedure 

The  experiment  was  designed  to  determine  possible  effects  of  (and  interactions 
between)  SMS  motion  (heave,  pitch,  roll  and  stationary)  and  the  w<^  of  walking 
in  the  simulator  (treadmill  or  cabin  floor),  on  the  physiological  energy  consump¬ 
tion  indices.  The  sequence  of  conditions  for  the  twelve  subjects  was  balanced  for 
motion  and  walking  conditions  (latin  square,  to  prevent  confounding  of  experi¬ 
mental  effects  with  possible  effects  of  fatigue),  as  shown  in  Table  II. 

A  complete  SMS  motion  condition  (including  both  f  and  t  subconditions)  lasted 
for  a  period  of  approximately  25  minutes.  The  condition  started  with  a  5  minute 
adaptation  period.  After  this  period  the  condition  continued  for  10  minutes 
during  which  the  actual  measurements  were  taken  and  recorded.  The  experi¬ 
menter  then  instructed  the  subject — using  an  intercom  system — to  change  position 
(i.e.  to  step  on  or  off  the  treadmill).  That  subcondition  then  lasted  for  another 
10  minutes  of  measurement  and  recording. 


Table  II  Sequence  of  conditions. 


S  stationary  cabin 
H  iwm 
R  ml 
P  pfech 

f  wriUng  on  cabin  kor 
t  wrftinq  on  tiaadmti 

Tha  aaquaKlii  oalar  of  tt>a  I  and  t  condBona  batiuBan 
bMnkali  taflatta  tita  tManoid  laaiaaeutiM  aatar  in 
fha  f  aari  t  aoncMona  mm  ghaa  Oandar  wae 
wluii#y  aaaignad. 


2S  Subjects 


Eight  healthy  male  and  four  healthy  female  subjects  participated  in  this  study. 
The  subjects  had  a  mean  age  of  24  years  (range  19-40  years),  mean  length  was 
179cm  (range  160  -  195cm)  and  mean  weight  71.6kg  (range  57  -  95kg).  Mean  fat 
percentage  of  the  subjects,  as  measured  with  the  skinfold  method  (Dumin  & 
Wormersley,  1974)  was  16%  (range  5.0  -  25%).  All  subjects  wore  rubber  soled 
sneakers. 

During  the  experiment  the  inside  of  the  cabin  was  continuously  monitored  (and 
recorded)  with  two  video  cameras  positioned  in  the  middle  upper  positions  of 
the  front  and  the  rear  walls  of  the  cabin.  Together  the  images  of  these  cameras 
covered  the  complete  iirside  volume  of  the  cabin,  including  the  subject,  the 
Oxycon  apparatus  and  the  treadmill.  The  video  images  were  displa^d  together 
with  an  outside  image  of  the  cabin  (made  by  a  sepaiate  video  camera),  and  a 
display  of  the  control  computer  on  which  the  SMS  monitoring  signals  were  made 
visible.  An  example  of  the  resulting  composite  video-image  during  SMS  roll 
motion  is  shown  in  Fig.  1. 

The  inside  walls  of  the  SMS  cabin  and  the  Oxycon  apparatus  were  padded  with 
foam  rubber  for  protection  against  injury  in  case  a  subject  might  lose  balance. 
The  treadmill  was  equipped  with  handrails  for  support  on  both  sides.  All  subjects 
were  extensively  informed  about  the  purpose  and  procedures  of  the  study  and 
gave  their  written  consent  to  participate.  They  were  informed  that  they  were  at 
any  time  allowed  to  discontinue  the  experiment  in  case  they  felt  uneasy  or 
nauseous.  The  SMS  cabin  was  continuously  ventilated  with  fresh  air  from  the 
out^de. 


3  RESULTS 

Only  one  subject  reported  feelings  of  nmisea  during  experimentation,  although 
nm  se^«e  enou^  to  discootinue  the  experiment.  Since  the  pdiysioio^cal 
parameters  of  Uiis  arhject  were  not  disoemably  different  from  those  of  the  other 
subjects,  his  data  were  not  treated  separately. 

The  data  were  nitmutted  to  an  asa^sa  of  variance  (ising  CSS  sc^tware  and 
after  cbeddng  the  homr^peneity  of  vuianoeX  using  SMS  motkm  (4  levelsX 
walkii«  mode  (2  tevafe).  and  gender  (2  levab)  as  iapot  variables.  If  an  SMS 
motioa  veriidde  (or  its  intHaction  wift  any  ocher  varidde)  had  a  i^piificaiit 
effect  (p<.()6),  diffeneaces  among  fts  fev^  wna  OMad  sefreriM^  far 
sj^fttfkanee  wftii  a  IViki^  mt  (p<J0S). 


P%.1  Owwpmiiii  yjato  hay  ■■ttf  mi  niiwi  «l  aO  takim.  Tby  gabjett  m 

Ite  tnsMhBilL  SoMK  wdkteg  <m  ihc  toot,  Mb  <bb  mi^iGi  MDwia  «i 

fcnt  <miL  UtaMf  rkte  vlw  OB  MUHt  6v  eHMra  H  lear  wB.  Lamr  left:  omBMb  tiew  of 
iIh)  sms  ani  (oab^  tke  Iommt  wctki  of  the  oMb  b  vUie  unwriwir  «Ah  iM  ifiMMr  Mctba 
af  IM  Mnwil  tjfimi  um  wS  wtbwi  cf  tiw  <bbfai).  Vtm  rigla:  SIqAy  of  tfa»  cowyaBr 


[3^ 
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3.1  Veatilatoiy  parameters 

3.1.1  Oxygen  consumption 

Oxygen  consumption  (Vo,)  during  roll  and  pitch  was  significantly  higher  than 
during  the  stauonary  and  heave  conditions  (Fig.  2).  The  differences  between  the 
roll  and  pitch  conditions  themselves  were  not  significant,  nor  were  those  between 
the  heave  and  stationary  conditions. 

The  Vo,  for  treadmill  waildng  was  lower  than  for  free  walking  and  there  was  a 
significant  interaction  between  walking  and  gender  (Fig.  3). 

This  pattern  of  results  does  not  change  if  the  Vo,  is  compensated  for  body 
weight  or  body  length  (i.e.  if  measurements  are  expressed  in  terms  of  oxygen 
consumption  per  kg  body  weight  and  length). 

3.12  CaHxm  dioxide  production 

Mean  carbon  dioxide  production  (Vco,)  is  also  higher  during  roll  and  pitch 
conditions  compared  to  stationary  and  heave  conditions,  and  again  there  are  no 
significant  differences  between  roll  and  pitch  and  between  stationary  and  heave 
(Fig.  4). 

Treadmill  walking  produced  significant  lower  Vex);  levels  (807ml  on  average) 
than  free  walking  (S^ml  on  average). 

3.12  Minute  vemiUaion 

This  parameter  showed  again  the  same  effect:  during  pitch  and  roll  conditions 
Ve  was  sigDificandy  higher  than  during  heave  and  the  stationaiy  conditions,  and 
again  there  was  no  significant  difference  between  pitch  and  roll  and  between 
heave  and  statkKiary  conditions  (Fig.  S). 

Minute  ventilation  during  free  walking  was  more  voluminous  (33  1/min)  than 
(hiring  treadmill  walking  (27  l/min). 

3.L4  Metabolism 

Bor  metdwlism  the  picture  was  the  same  agaim  no  diSerence  was  observed 
between  roQ  and  pitiA,  and  both  thfiered  significantly  from  the  heave  and 
stationary  condttkwg.  whidi  did  not  tfiffer  fioB  each  other  (]^  6). 

Daring  treadmill  wtikiag  die  metabt^sra  index  was  lower  diu  drnii^  6ee 
waBdi^  On  this  {Mrameier  there  agiaiii  apprered  to  be  n  dgnificaat  interaction 
between  gntder  and  oods  of  weHrfng  (i%  7).  Ttds  hanraoion  abo  rentained 
idgwificaiit  whin  the  d^  were  oompensared  fw  body  wi^^  ami  leavdkiott  » 
obsarved  the  VOi  parameter  (wtid  is  act  stupds^  be^as  mashereatic- 
aSfy  this  Vo,  parareniir  b  m  hapoiw  piyt  of  d»  nwtaboto  faabat). 


ol  ^ wm _ 


stationary 


heave  roll 
SMS-motion 


pitch 


Fig.  4  Mean  carbon  dioxide  production  (and  standard  deviations) 
during  the  stationary,  heave,  roll  and  pitch  conditions  of  SMS  motion. 


40 


stcdonary  heave  roH  pitch 
motion 


Ftg.  5  Mean  minatc  vemilaiion  (aad  uanda^  deviatioitt)  during  the 
st&onai^  beava,  roil  and  pitch  oondidcmi  ^  HMS  motioii. 
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32  Heart  rate 

The  mean  heart  rate  showed  the  same  trends  as  the  ventilatory  parameters: 
heart  rate  did  not  differ  between  the  heave  and  stationary  conditions  and  also 
not  between  roll  and  pitch  conditions,  but  the  former  two  showed  a  significantly 
lower  heart  rate  than  the  latter  two  (Fig.  8). 

There  were  significant  over  all  gender  differences:  male  subjects  had  significantly 
lower  heart  rates  than  female  subjects  (Fig.  9). 


33  General  performance 

Since  it  was  not  the  purpose  of  the  present  to  study  the  occurrence  of  balance 
problems  during  the  measurements  periods,  we  did  not  score  them.  However,  a 
future  analysis  of  the  video  records  remains  possible  (although  it  might  prove 
quite  time  consuming).  At  this  stage  we  can  only  confirm  that  subjects  did 
indeed  sometimes  show  evidence  of  balance  problems  (e.g.  they  often  used  the 
handrails  of  the  treadmill  for  support). 


4  DISCUSSION  AND  CONCLUSIONS 

In  this  study  significant  effects  of  different  movements  of  the  SMS  were  found  on 
ffte  austgf  expenditure  of  objects  wt^king  hskle  the  SMS.  More  in  particulai; 
roll  and  pitch  movements  of  the  SMS  caused  higher  Vo^  Vco,.  Ve  and  heart 
rate  values  than  heave  motions  of  the  SMS  and  when  the  SMS  remained 
stationary.  The  absence  of  an  effect  of  heave  motion  is  not  surprising.  The 
effects  on  eneigy  expenditure  observed  in  the  roll  and  pitch  conditions  of  the 
present  study,  are  most  likely  caused  by  an  increased  energy  consumption 
required  the  extra  muscular  effort  needed  to  maintain  balance  while  walking 
in  a  moving  environment  This  extra  effort  is  expected  mainly  to  hiq^n  in  the 
pitch  and  roll  conditions,  because  only  here  is  it  necessary  to  correct  the  direc- 
firm  of  the  vertical  body  axis  awiy  from  the  subjective  vertical  (which  is  largely 
d^NHS^utt  <m  visual  infomuktion  ^  therefore  mCHe  or  less  perpendioilar  to  the 
caMn  floor)  and  aU{pi  the  body  a»s  to  the  true  vertical  (using  v»tibular  and 
Idnaesthedc  infiOToation).  In  the  heave  and  stationary  conditions  the  direction  of 
die  verdod  amt  of  the  true  vertical  ahviys  remain  idendoL  Hence,  it 

k  dutt  Mhjects  might  hare  had  problems  maintaining  their  balance  in 

thaee  cBatgdoBii  MlwtieBy  ttece  die  vertical  ggoliigddgt  wm*  also  quite  tow. 

ISha  iKitt  mrehyredatt  fee  the  idflhetnee  hanuien,  frae  myi  tread* 

nil  aidUiidi  on  ^  vmMikthMi  tmkeet,  k  tm  Cartels  hare  emkad  it 

m  the  free  vrettdng  emkdtikms  all  Hibjeert  hi.'d  repeddvefy  to  turn  around  and 
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there  is,  on  every  turn,  a  need  to  first  decelerate  and  then  accelerate  again  to 
keep  up  with  the  required  average  speed  of  walking  as  forced  upon  the  subject 
by  the  regularly  sounding  beeps.  Such  a  variable  velocity  profile  in  the  free 
walking  conditions  is  likely  to  require  extra  muscular  activity  of  the  leg  muscles. 
It  is  not  possible  to  register  the  actual  percentage  of  time  spent  on  straight 
walking  vs  turning,  because  the  point  where  the  one  changes  into  the  other 
cannot  be  determined  in  any  standardised  manner,  not  in  the  least  because  there 
appeared  to  be  many  individual  walking  stiles.  In  this  respect,  behaviour  on  the 
treadmill  was  much  more  uniform.  Therefore,  it  is  recommended  to  use  only 
treadmill  walking  as  a  standard  task  in  future  research. 

The  gender  efrects,  illustrated  in  Figs  3  and  7  axe  difficult  to  interpret  They 
cannot  be  explained  as  the  result  of  biomechanical  differences  between  men  and 
womeit  because  they  remain  significant  when  we  compensate  for  body  weight 
and  length.  As  long  as  the  effect  is  not  replicated  we  would  like  to  refrain  from 
speculative  explanatory  hypotheses.  Hence  this  is  an  issue  that  might  be  included 
in  further  studies. 

The  higher  heart  rate  observed  with  fentude  subjects  as  compared  to  male 
subjects  (Fig.  9)  reflects  a  constitutional  difference  between  men  and  women, 
which  is  normally  observed  in  this  kind  of  studies  (see  e.g.  Johnson  &  Lubin, 
1972;  Seele,  Guzman  &  Becklake,  1974;  Holewijn,  Heus  &  Wammes,  1992). 

From  the  present  study  we  may  conclude  that  walking  on  a  platform  that  moves 
in  pitch  or  roll  directions  causes  more  energy  consumption  than  when  the 
Tvraaaos  rtstkmury^  or  tfiHhett  it  isakes  only  (sraaU)  besve  mowements. 
However,  it  is  not  possible  to  draw  conclusions  about  the  absolute  energy 
expenditure  of  our  subjects.  In  other  words,  we  carmot  answer  questions  like: 
how  long  would  it  take  for  a  walking  subject  before  he  or  she  becomes  fatigued 
on  a  moving  platform  as  compared  to  a  stationary  platform.  To  obtain  an 
absolute  indication  of  energy  expenditure  one  needs  to  compare  the  present 
energy  ejqwnditure  values  to  the  etKrgy  expenditure  values  obtained  when  the 
aibject  works  at  his  ot  her  maxiinum  capacity  (e.g.  during  maximum  perform* 
anoe  rm  the  treadmill).  In  the  pr^ent  sfr^  we  have  not  induded  a  preliminary 
condition  in  wbidi  this  maximum  energy  expenditure  was  measured.  This  issue 
win  be  tdom  op  in  future  reseatdi. 

Ofoer  issuM  finr  foture  research  are  the  effects  of  combined  heave,  roll  aiai/or 
pitdi  motioitt,  and  aoeigy  eowamptioo  as  a  fttnctirm  of  the  am(riitit(ltt  oi  beaM» 
rcdl  and/or  motioM  of  the  SMS.  A  final  goal  of  such  a  reseatdi  {Hogram 

aMdd  be  O*  formulaUon  of  a  quantitative  teiatfoii  between  sl^ 
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